Abstract. In the previous report (Isshiki, 2004b) , theory and algorithm of a new dual frequency long baseline kinematic positioning method were discussed. In the theory, the wide-lane coordinates are used as a constraint for obtaining the correct L1 ambiguities by solving the ionosphere free equations. The effectiveness was verified by some numerical examples. A precise positioning for baseline of several hundred kilometeres are possible. In the present report, the effect of epoch interval and observation length is investigated by numerical calculations. The relationship between the positioning error and the baseline length is also discussed. Furthermore, an algorithm for the real time application is shown.
Introduction
In the previous report (Isshiki, 2004b) , new theory and algorithm for dual frequency long baseline kinematic positioning were discussed. The theory is based on the facts that the initial phase ambiguities of the wide-lane combinations can be obtained correctly irrespective of the baseline length by using HMW (Hatch-MelbourneWübbena) combinations (Hatch, 1982; Melbourne, 1985; Wübbena, 1985) , the slowly varying part of the ionospheric delays can be estimated with an appropriate accuracy from an external information source such as IONEX (Hugeltobler et al., 2001) , and the rapidly varying part can be obtained correctly by using the geometry-free combinations. Specifically, the coordinates of the observation receiver can be obtained rather precisely by solving the wide-lane combinations by using the above-mentioned ambiguities and the ionospheric delays. And the coordinates are used to impose an constraint to the least squares solution of the ionosphere free combinations. This corresponds to the constraint in the case of static positioning where the coordinates are constant.
In the previous report, the validity of the new solution was verified by using data with the epoch interval of thirty seconds downloaded from the homepage of GSI (Geographical Survey Institute, http://terras.gsi.go.jp /inet_NEW/). This new solution makes kinematic positioning for the baseline length of several hundred kilometers possible.
In the present report, the effects of the number of the epoch and observation length are discussed by using data with the epoch interval of one second which can't be downloaded directly from the above-mentioned homepage. The relationship between the baseline length and the positioning error is also investigated. And the algorithm for the real time processing is discussed too.
Theory
Double difference observation equations of the pseudo range ) (t P i α κ and the phase range ) (t i α κ Φ are given as (Isshiki, 2003a (Isshiki, -c, 2004a Hugeltobler et al., 2001) , (1b) where The initial phase ambiguities of the wide-lane combination can be determined easily for each combination of the satellite and receiver by using HMW (Hatch-Melbourne-Wübbena) combination irrespective of the baseline length. Specifically, if HMW combination:
is used, the wide-lane ambiguity (10)). This equation uses not only the phase ranges but also pseudo ranges, but the coefficient multiplied to the pseudo ranges is small. So, the noise in the pseudo range is suppressed.
If the geometry free combination
is used, the rapidly varying part of the ionospheric delay can be determined correctly even when the initial phase ambiguity is unknown (Isshiki, 2003c (Isshiki, , 2004a 
where T is the measuring time. If
Eqs. (4) and (5) [ ]
The rapidly varying part is written as For the estimation of the mean component j i I αβ , the use of the pseudo range or IONEX may be considered. In thecase of using IONEX, the measuring time T should be longer than the periods of the rapidly varying components. And much attention should also be paid to the reliability of the external information such as IONEX.
If the kinematic positioning using wide-lane combination is conducted together with the correctly obtained ambiguities and the reasonably estimated ionospheric delays, the receiver coordinates may be obtained rather precisely.
The WL (wide-lane) combination 
(10b)
When the above-mentioned receiver coordinates of the observation point is substituted into the IF (Ionosphere αβ is eliminated. The L1 ambiguities are rounded to integers. An integer grid is made around a point consisting of the set of the abovementioned L1 integer ambiguities. A point on the grid which makes the product of the residuals of the least squares solution of the IF combinations and the distance between the above-mentioned coordinates obtained by the LW combinations and those by the IF combinations minimum is searched on the integer grids. As the result, very precise L1 ambiguities and receiver coordinates for the baseline length of several hundred kilometers are obtained, if the sufficient length is secured for observation time.
In Fig. 4 , a flow of algorithm in case of real-time processing is shown. For offline processing, the repetition of calculation for each epoch is not necessary, and the averaging should be conducted in the whole epochs.
Observation data
Observation data for fixed stations used in the following numerical examples are shown in Tables 1a and 1b. They are obtained by GEONET operated by GSI (Geographical Survey Institute) and are similar to those used in the previous report (Isshiki, 2004b) . The date of the observation data is June 4, 2004. In the previous report, the epoch interval was thirty seconds alone, but, in the present report, data of one second in epoch interval are also used. The thirty second data were downloaded from the homepage of GSI (http://terras.gsi.go.jp /inet_NEW/). The one second data can't be downloaded from the homepage. They were obtained from a source different from GSI. The both data are available for the stations with * in Tables 1a and 1b , and only the thirty second data for other stations. The observation data between GPS time 09:00:00 and 11:00:00 were used for the numerical calculations. The station coordinates in Table 1a are downloaded from the above-mentioned homepage, and the accuracy is very high. The baseline lengths are very close to those shown in Table 1b of the previous report, but the difference of baseline length between Sapporo and Hakodate is a little bit big. In the following calculations, the temporary data are used for the orbits and the ionospheric delays instead of the final data. For reference, some comparisons are shown on the difference between the results obtained by the temporary data and those by the final data. 1 epoch ( (09)- (05)) ( (14)- (05)) ( (22)- (05)) ( (30)- (05) 9:00:00 9:30:00 10:00:00 10:30:00 11:00:00 time dr (m) Fig. 1a Baseline length calculated by using L1 ambiguities in Table 2a 72209 Fig. 1b Baseline length calculated by using L1 ambiguities in Table 2b Tab. 3a Estimated double difference DDN1 of L1 ambiguity (Obt1Ion1: precise orbit, IONEX; 240 epochs)
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Effects of observation length
Next, the effects of the observation length are studied. The observation length is varied by changing the epoch interval of the 240 epochs. The results are shown in Tables 3a and 3b .
The orbits and ionospheric delays are not the final data (IGS, CODG) but the temporary data (IGR, ESAG). In Table 4 and Fig. 2 , the baseline length obtained by using the final data is compared with the case obtained by using the temporary data. The temporary data seem sufficient at least for the baseline SpprMrrn whose baseline length is 72209.202 m .
The results where the orbits are approximated by the broadcast orbits and the ionospheric delays are neglected are shown in Table 5 for reference. The comparison between Tables 3 and 5 suggests that the observation length required for the convergence of the calculation seems shortened.
As another example, a case where the baseline is relatively short is discussed. In applications on land, the short baseline positioning is considered important. Obs. Length ( (09)- (05)) ( (14)- (05)) ( (22)- (05)) ( (30)- (05) ( (09)- (05)) ( (14)- (05)) ( (22)- (05)) ( (30)- (05) Obs. Length ( (09)- (05)) ( (14)- (05)) ( (22)- (05)) ( (30)- (05) The results for SpprTmkm whose baseline length is 43382.566 m are shown in Tables 6 and 7 . Te results in Table 6 are obtained by using the precise orbits and the ionospheric delays by IONEX, and those in Table 7 by using the broadcast orbits and by neglecting the ionospheric delays. When the baseline becomes short, the correct results are obtained by using the short observation length. In case of the short baseline length, the correct data are obtained even if the ionospheric delays are neglected. However, the ionospheric data are useful in shortening the observation length.
Effects of baseline length on precision of measurements
The effects of the baseline length on the positioning accuracy are shown in Tables 8. As the baseline length becomes longer, the accuracy becomes lower. The results tell that the estimation error is less than 10 cm, even if the baseline length exceeds 200 km.
For reference the results obtained by using the broadcast orbits and neglecting the ionospheric delays are shown in Table 9 . For example, in case of SpprIwa2 whose baseline is 350 km, there seem to exist no big difference between the results in Table 8 and those in Table 9 
Algorithm for real time processing
The results discussed above were obtained by the offline processing. An algorithm for the real time processing can be made easily. Instead of taking average over the whole epochs, the average is taken over specified epochs in the nearest past. An algorithm is shown in Fig. 4 . Kalman filters may also be used instead of taking average over the past epochs. For the estimation of the LW ambiguity Since the base station is fixed, it does not make unpredictable motions. The ionospheric and tropospheric delays may make small changes within 30 seconds and may be assumed continuous. So, errors included in the 1-second epoch data generated by interpolation of the 30-second epoch data may be small. Calculate the float value of N1 by LI at each epoch. Take the average over a length of the past epochs, and round it to an integer.
Calculate the coordinates of the receiver by LI at each epoch. In the following numerical examples, the epoch interval of the rover is 5 seconds. Fourth order polynomials are obtained by using Least Square Fitting of nine point data of 30 second epoch. Assuming the offline or real time processing, the data of 5 second epoch are generated by interpolation or extrapolation by using the polynomials.
Figs. 5 and 6 show comparisons of the baseline length calculated by using the raw data with that by the interpolated and extrapolated data respectively. In case of the interpolation, the difference is small, about one centimeter. The difference in case of the extrapolation is bigger, several centimeters. The efforts to lessen the error of the extrapolation should be made. 
Conclusion
In the previous report (Isshiki, 2004b) , a new theory and algorithm of the dual frequency long baseline kinematic positioning were discussed, and the validity was proved by conducting some numerical calculations using the observation data of 30 sec in epoch interval. According to this new solution, the rather precise kinematic positioning was possible for the baseline whose length is several hundred kilometers.
In the present report, the effects of the epoch interval and the observation length are studied by using the observation data of 1 sec in epoch interval. As a result, it was clarified that the long enough observation length is required for the accurate positioning, and the epoch interval itself is not so important. However, the necessary observation length is a function of the baseline length and the ionospheric delays. In order to make this solution useful in practical applications, more data should be analyzed, and a guideline on this point should be given.
The relationship between the baseline length and the positioning error is also investigated. And it was confirmed that a rather accurate positioning is possible by the present solution for the baseline whose length is several hundred kilometers.
An algorithm for the real time positioning is also shown.
